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(54) STORAGE MEMORY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic 
memory device which enables the recording of 
information with a write current smaller than before, 
without lessening the coercive force of a storage 
element. 

SOLUTION: The magnetic memory device is 
equipped with a magnetoresistive effect type of 
storage element 10 and write lines 20 and 30 
arranged close to the storage element 1 0, and is so 
constituted so to invert the direction of the 
magnetization of the storage element 10 by the 
current magnetic filed generated by the write lines 20 
and 30. The write lines 20 and 30 are of composite 
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* NOTICES * 

JPO and NCIPX are not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the magnetic memory apparatus constituted so that the magnetization direction of said 
storage element might be reversed by the current field which was allotted by approaching the storage 
element of a magneto-resistive effect mold, and the storage element concerned, and which writes in, 
and is equipped with a line and said write-in line generates ~ setting ~ said write-in line ~ 
nonmagnetic — magnetism with a conductor and high permeability ~ the magnetic memory 
apparatus characterized by having the composite construction which consists of a conductor. 
[Claim 2] nonmagnetic [ which constitutes said write-in line ] ~ the magnetic memory apparatus 
according to claim 1 characterized by for a conductor facing said storage element and arranging it. 
[Claim 3] the magnetism which constitutes said write-in line ~ the third page excluding the field by 
the side of said storage element when, as for the conductor, the cross section of the write-in line 
concerned is formed in the shape of an abbreviation rectangle ~ a wrap ~ the magnetic memory 
apparatus according to claim 2 characterized by being allotted like. 

[Claim 4] nonmagnetic [ which was allotted by facing said storage element ] ~ the magnetic memory 
apparatus according to claim 3 characterized by forming the cross-section width of face of a 
conductor in the magnitude more than the component width of face of said storage element. 
[Claim 5] the magnetism which constitutes said write-in line — the field where a conductor counters 
the field by the side of said storage element when the cross section of the write-in line concerned is 
formed in the shape of an abbreviation rectangle - a wrap ~ the magnetic memory apparatus 
according to claim 2 characterized by being allotted like. 

[Claim 6] the magnetism which constitutes said write-in line ~ a magnetic memory apparatus given 
in any 1 term of claims 1-5 characterized by a conductor being what consists of nickel, iron, cobalt, 
or these alloys. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic memory apparatus used as a memory 
device for memorizing information. 

[0002] 

[Description of the Prior Art] In recent years, much more high performance-ization of high 
integration, improvement in the speed, low electrification, etc. is requested from a device called the 
memory and logic which constitute this with the fast spread of personal small devices, such as 
information communication equipment, especially personal digital assistant equipment. Especially 
the high density and large capacity-ization of nonvolatile memory are becoming still more important 
as a technique in which a miniaturization essentially replaces a difficult hard disk drive vinit and a 
difficult optical disk imit by existence for moving part (for example, a head seeking device and a 
disk rolling mechanism). 

[0003] The flash memory using the semi-conductor as nonvolatile memory, FeRAM (Ferro electric 
Random Access Memory) using a ferroelectric, etc. are known widely. However, informational 
drawing speed is the order of mu second, and a flash memory has the fault that it is late compared 
with volatile memory, such as DRAM (Dynamic Random Access Memory) and SRAM (Static 
Random Access Memory). On the other hand, the problem that there are few rewritable counts is 
pointed out in FeRAM. 

[0004] The magnetic memory apparatus called MRAM (Magnetic Random Access Memory) is 
observed as nonvolatile memory which does not have these faults (for example, Wang et al, IEEE 
Trans.Magn.33 (1997), 4498 reference). MRAM performs information storage using the storage 
element of a giant magneto-resistance (Giant Magnetoresistive;GMR) mold or a tunnel magneto- 
resistive effect (Tunnel Magnetoresistive;TMR) mold, and attracts attention increasingly by 
improvement in a property of a TMR ingredient in recent years especially. 

[0005] In detail, in order to record information on the specific component of the elements, it has the 
WORD write-in line and the bit write-in line which cross the elements in all directions, and while 
have the storage element of the magneto-resistive effect mold arranged in the shape of a matrix, it 
consists of MRAM(s) so that information may be alternatively write only in the component locate in 
the crossover field using an asteroid property ( for example, refer to publication number 10 1 11 6490 
official report). Since MRAM of such a configuration has simple structure, high integration is easy, 
and a rewritable count is size in order for rotation of the magnetic moment in a magneto-resistive 
effect mold storage element to perform information storage. Furthermore, it is expected that it is 
very high-speed also about the access time, and it is checked that it can already operate on a 
nanosecond base. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in MRAM, the magnitude of the write-in 
current at the time of storing information in a storage element poses a problem. That is, although the 
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magnetization direction of a storage element is reversed by the current field which a WORD write-in 
line and a bit write-in line generate in case information is stored in a storage element, a write-in big 
current may be then necessary with hindrance, such as detailed-izing (densification) and low-power- 
izing. 

[0007] nonmagnetic [ of the shape of a thin film specifically used usually with semi-conductors / 
MRAM / conventional / line / a WORD write-in line and / bit write-in /, such as Cu (copper) and 
aluminum (aluminum), ] ~ although formed only from a conductor, if coercive force tends to write 
in the storage element of 20Oe(s) when those line breadth is 0.25 micrometers, for example, it is 
necessary to write in the big current of about 2mA, and to pass on a line furthermore, the case of for 
example, a write-in line where a cross-section configuration is an abbreviation rectangle ~ the 
thickness ~ line breadth and abbreviation ~ the current density in that case will become the same 
with 3.2x106 A/cm2, and it will become close to the open-circuit threshold value by electron 
migration. 

[0008] To such the present condition, decreasing a write-in current is also considered by making 
coercive force of a storage element small, for example. However, when coercive force of a storage 
element is made small, the magnetization direction in a storage element is reversed with the 
magnetic turbulence firom the outside, and there is a possibility of causing the dependability fall as a 
memory device. 

[0009] Then, even if this invention does not make coercive force of a storage element small, it aims 
at offering the magnetic memory apparatus whose information storage in a write-in current smaller 
than before becomes possible. 
[0010] 

[Means for Solving the Problem] the magnetic memory apparatus constituted so that the 
magnetization direction of said storage element may reverse by the current field which was allotted 
by this invention having been thought out in order to attain the above-mentioned purpose, and 
approaching the storage element of a magneto-resistive effect mold, and this storage element, and 
which writes in, and is equipped with a line and said write-in line generates ~ setting ~ said write-in 
line ~ noimiagnetic ~ magnetism with a conductor and high permeability ~ it is characterized by to 
have the composite construction which consists of a conductor. 

[00 11] according to the magnetic memory apparatus of the above-mentioned configuration ~ the 
magnetism of the composite constructions of a write-in line ~ the condition of having been 
distributed over the perimeter at homogeneity when the current was given to the write-in line, since 
magnetic flux penetrated in the part of a conductor - line of magnetic force ~ not generating ~ 
magnetism ~ nonmagnetic [ which is not a conductor ] — it concentrates on the part of a conductor 
and line of magnetic force is generated. Therefore, if it is made to reverse the magnetization 
direction of a storage element with the concentrated line of magnetic force, the magnetization 
direction can be reversed with a current smaller than the case where line of magnetic force is 
distributed over homogeneity. 
[0012] 

[Embodiment of the Invention] Hereafter, the magnetic memory apparatus which starts this 
invention based on a drawing is explained. 

[0013] [Outhne of a magnetic memory apparatus] The outline configuration of the magnetic whole 
memory apparatus concerning this invention is explained first. Drawing 1 is the mimetic diagram 
showing the fiindamental example of a configuration of the magnetic memory apparatus called 
MRAM. MRAM is equipped with the storage element 10 of two or more magneto-resistive effect 
molds arranged in the shape of a matrix. Furthermore, the WORD write-in line 20 and the bit write- 
in line 30 which cross mutually are formed so that each storage element 10 group may be crossed in 
all directions, so that it may correspond to each of the line on which these storage elements 1 0 were 
arranged, and a train. And each is arranged so that each storage element 10 may be in the condition 
inserted into the WORD write-in line 20 and the bit write-in line 30 from the upper and lower sides 
and it may be located in these crossover fields. 
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[0014] Drawing 2 is the mimetic diagram showing the outline configuration of MRAM in a detail 
further, although it is allotted in MRAM so that the WORD write-in line 20 and the bit write-in line 
30 (only henceforth [ these are named generically and ] "a write-in line") may cross storage element 
10 group in all directions ~ the crossover field of the lines 20 and 30 write-in [ these ] ~ a storage 
element 10 ~ in addition, the field-effect transistor 40 which connects with each storage element 10 
according to an individual is formed. And corresponding to the field-effect transistor 40 of each 
train, the sense amplifier 52 linked to a sense line 51 and this is formed, and the information 
memorized by these at the storage element 10 is detected. 

[001 5] Then, the configuration of each storage element part in MRAM of such a configuration is 
explained. Drawing 3 is the mimetic diagram showing an example of the cross-section configuration 
of a single storage element part. In each storage element part, the field-effect transistor 40 which 
consists of the gate field 42, a source field 43, and a drain field 44 is arranged on the semi-conductor 
substrate 41, and the WORD write-in line 20, the storage element 10, and the bit write-in line 30 are 
further arranged in the upper part in order. The storage element 10 is arranged at the crossing of the 
WORD write-in line 20 and the bit write-in line 30 so that it may be inserted into these write-in lines 
20 and 30 from the upper and lower sides, so that clearly also from this. 

[0016] Here, the configuration of storage element 10 the very thing is explained. Although there are 
a thing using a OMR ingredient and a thing using a TMR ingredient as a storage element 10 in 
MRAM, a TMR type thing is mentioned as an example and explained here. 
[0017] Drawing 4 is the mimetic diagram showing an example of the cross-section configuration of 
the magneto-resistive effect film used as a TMR type storage element. With the TMR type storage 
element 10, it consists of the magnetic substance, such as nickel (nickel), Fe (iron), Co(es) (cobalt), 
or these alloys, for example, and has the information storage layer 1 1 which the magnetization 
direction rotates comparatively easily, and information is written in by changing the magnetization 
direction of the information storage layer 1 1 by the current field which the write-in lines 20 and 30 
generate (record). 

[0018] Under the information storage layer 11, it has the tunnel barrier layer 12 by the insulator 
which consists of an oxidizing zone or nitrated cases, such as aluminum (aluminum), Mg 
(magnesium), and Si (silicon), etc., and while cutting magnetic association with the information 
storage layer 1 1 and the magnetization fixed bed 13 mentioned later, the role for passing tunnel 
current is borne. 

[0019] Under the tunnel barrier layer 12, it has the magnetization fixed bed 13. The magnetization 
fixed bed 13 consists of two magnetic layers of first magnetization fixed-bed 13a and second 
magnetization fixed-bed 13b. And between two magnetic layers 13a and 13b, the conductor layer 14 
which these magnetic layers 13a and 13b combine in antiferromagnetism is arranged. As an 
ingredient of this conductor layer 14, Ru (ruthenium), Cu (copper), Cr (chromium), Au(gold), Ag 
(silver), etc. can be used, for example. 

[0020] Moreover, second magnetization fixed-bed 13b is prepared so that the lower part side may 
touch the antiferromagnetic substance 15, and second magnetization fixed-bed 13b will have the 
magnetic anisotropy of a strong one direction by the exchange interaction committed among these 
layers. As an ingredient of the antiferromagnetic substance 1 5, Mn (manganese) alloy, Co(es), nickel 
oxides, etc., such as Fe, nickel, Pt (platinum), Ir (iridium), and Rh (rhodium), can be used, for 
example. 

[0021] Under the antiferromagnetic substance 15, it has the duplex substrate layer 16 which consists 
of Co and Si. 

[0022] Thus, in the storage element 10 of the constituted TMR type, the tunnel current change by the 
magneto-resistive effect will be detected, and information will be read. However, it will depend for 
the effectiveness in the relative magnetization direction of the information storage layer 1 1 and the 
magnetization fixed bed 13. 

[0023] In addition, each class (conductor a magnetic film and film) 11,13-16 mentioned above is 
mainly formed by the well-known sputtering method, and should just form the tunnel barrier layer 
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12 by oxidizing or nitriding the metal membrane formed by sputtering. 

[0024] In MRAM equipped with the storage element 10 above TMR type, since the storage element 
is arranged to the crossover field of the WORD write-in line 20 and the bit write-in line 30, 
information is alternatively written in each storage element 10 by using these two write-in lines 20 
and 30 using an asteroid flux reversal property. 

[0025] At this time, the synthetic magnetization in the single storage element 10 is decided by vector 
composition with the field HEA of easy shaft orientations and the field HHA of difficult shaft 
orientations which were impressed to it. The write-in current which flows the bit write-in line 30 
impresses the field HEA of easy shaft orientations to a storage element 10, and the current which 
flows the WORD write-in line 20 impresses the field HHA of difficult shaft orientations to a storage 
element 10. 

[0026] Drawing 5 is the asteroid Fig. showing an example of a field response of the storage element 
in MRAM. The asteroid curve in drawing shows the reversal threshold of the magnetization 
direction of the information storage layer 1 1 by Field HEA and Field HHA which were impressed. 
That is, generating of the synthetic magnetic field vector equivalent to the exterior of an asteroid 
curve produces field reversal in a storage element 10. However, the synthetic magnetic field vector 
inside an asteroid does not reverse the field of a storage element 10 from one side of the current 
bistability condition. Moreover, the storage element 10 located in addition to the crossing of the 
WORD write-in line 20 which is passing the current, and the bit write-in line 30 is also received. 
When the magnitude of the field is beyond the one direction reversal field HK, in order to impress 
the field which each write-in line 20 and 30 generates independentiy, and to also reverse the 
magnetization direction of storage elements 10 other than a crossover field. Only when a synthetic 
field is equivalent to the exterior (shadow part in drawing) of an asteroid curve also from this, the 
information writing to the selected storage element 10 is attained. 

[0027] [Gestalt of the 1st operation] Next, the focus of MRAM (magnetic memory apparatias) in the 
gestalt of operation of the 1st of this invention is explained. Drawing 6 is the mimetic diagram 
showing the configuration of the characteristic important section of an example of the magnetic 
memory apparatus concerning this invention. 

[0028] nonmagnetic [ MRAM / conventional / in a WORD write-in line and a bit write-in line /, such 
as Cu and aluminum, ] generally - it is formed only from the conductor. 

[0029] on the other hand, nonmagnetic [ which each write-in lines 20 and 30 which, as for MRAM 
explained with this operation gestalt, sandwich a storage element 10 from the upper and lower sides 
as shown in drawing 6 all become from conductive matter, such as Cu, aluminum, or these alloys, ] - 
- conductors 21 and 31 and magnetism with high permeability - conductors 22 and 32 ~ since - it 
has the becoming composite construction. 

[0030] magnetism ~ what is necessary is just to use the alloy which makes nickel, Fe, Co, or these a 
principal component, for example as an ingredient of conductors 22 and 32 It is possible to 
specifically use the nickel-Fe alloy (iron nickel alloy) called a permalloy. 

[003 1] Moreover, as for each write-in lines 20 and 30, the cross section is formed for all in the shape 
of an abbreviation rectangle, and the magnetism of an abbreviation U shape the third page except the 
field by the side of a storage element 10 ~ it covers to conductors 22 and 32 ~ having - ****-- the 
field by the side of a storage element 10 ~ nonmagnetic ~ conductors 21 and 31 are exposed, 
therefore ~ each write-in line 20 and 30 comrades ~ nonmagnetic ~ the exposure of conductors 21 
and 31 ~ facing each other --**** - moreover, magnetism ~ it is allotted so that the part of 
conductors 22 and 32 may become symmetrical mutually, fiirthermore, each write-in lines 20 and 30 
~ setting ~ nonmagnetic ~ the cross-section width of face (refer to the inside A of drawing and B) 
of the part exposed to the storage element 10 side of conductors 21 and 31 is formed in the 
magnitude more than the component width of face (refer to the inside a of drawing, and b) of a 
storage element 10. 

[0032] What is necessary is just to form them in it, as each above write-in lines 20 and 30 are 
described below, the bit write-in line 30 located above a storage element 10 ~ the former ~ the same 
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~ nonmagnetic ~ plating after forming the part of a conductor 3 1 etc. ~ magnetism - it is possible 
to form by forming the part of a conductor 32. plating after forming a trench (grooving) into a 
membrane formation process on the other hand, for example about the WORD write-in line 20 
located under the storage element 10 etc. ~ the pars basilaris ossis occipitalis and lateral portion of 
the trench - magnetism - a conductor 22 ~ forming membranes ~ further ~ the trench ~ 
nonmagnetic ~ it is possible to form by burying with a conductor 21 . 

[0033] MRAM [ in / by using the write-in lines 20 and 30 of such a configuration / this operation 
gestalt ] ~ the magnetism of the composite constructions ~ the magnetism in which the line of 
magnetic force conventionally distributed over the perimeter of a write-in line has high permeability 
since magnetic flux penetrates in the part of conductors 22 and 32 ~ it converges with conductors 22 
and 32 ~ having ~ normiagnetic ~ it concentrates on the part which conductors 21 and 31 have 
exposed, i.e., the part of a storage element 10, and comes to generate. 

[0034] Drawing 7 is the explanatory view showing the example of the simulation result of the 
generating line of magnetic force in write-in line 1 duty, it is shown in drawing 7 (a) ~ as - 
abbreviation rectangle-like perimeter Mikata ~ magnetism ~ the condition of having been 
distributed over the perimeter at homogeneity even if it gave the write-in current when it covered 
with conductors 22 and 32 ~ line of magnetic force ~ not generating ~ the magnetism ~ magnetic- 
flux transparency with conductors 22 and 32 ~ normiagnetic ~ it turns out that it concentrates on the 
part of conductors 21 and 31, and line of magnetic force is generated, if the current which is 1mA is 
specifically passed when the width of face and thickness of the write-in lines 20 and 30 are 0.25 
micrometers, respectively according to numerical simulation ~ normiagnetic ~ the magnitude of the 
field generated into the central part of the storage element 10 facing conductors 21 and 31 serves as 
about 15 Oe(s). 

[0035] on the other hand, it is shown in drawing 7 (b) ~ as ~ nonmagnetic ~ since line of magnetic 
force is distributed over the perimeter at homogeneity when it writes in only with a conductor and a 
line is constituted, even if it passes a 1mA current on the write-in line of width of face of 0.25 
micrometers, and thickness, in the central part of a storage element 10, only the field of the 
magnitude of about 5 Oe extent is acquired. 

[0036] Therefore, if the write-in lines 20 and 30 of a composite construction explained with this 
operation gestalt are used, since a write-in field can be generated more efficientiy (when line of 
magnetic force is distributed over homogeneity) than before, it may come to reverse the 
magnetization direction of a storage element 10 with the current smaller than before as a result. 
[0037] the magnetism covered on the write-in lines 20 and 30 in order to acquire such effectiveness 
efficiently ~ it is desirable to make the permeability of conductors 22 and 32 or more into ten in 
general, moreover, magnetism ~ as for the covering thickness of conductors 22 and 32, it is checked 
that the effectiveness of 0.01 micrometers or more, then the increment in a generating field is 
acquired. 

[0038] moreover, abbreviation rectangle-Hke perimeter Mikata ~ magnetism ~ the magnetism of an 
abbreviation U shape when it covers with conductors 22 and 32 ~ much line of magnetic force 
focuses on an inside [ points / of conductors 22 and 32 / both ] part (nonmagnetic part of conductors 
21 and 31). therefore, nonmagnetic - if the cross-section width of face A and B of conductors 21 
and 3 1 is formed in the magnitude more than the component width of face a and b of a storage 
element 10 ~ magnetism ~ since the information storage layer 1 1 will be arranged in the form 
inserted into both the point rather than spacing of both the points of conductors 22 and 32 by the 
width of face of the information storage layer 11 of a storage element 10 becoming short, the line of 
magnetic force generated intensively can be efficientiy impressed to the information storage layer 
11. 

[0039] [Gestalt of the 2nd operation] Next, the focus of MRAM (magnetic memory apparatus) in the 
gestalt of operation of the 2nd of this invention is explained. Drawing 8 is the mimetic diagram 
showing the configuration of the characteristic important section of other examples of the magnetic 
memory apparatus concerning this invention. 
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[0040] MRAM explained with this operation gestalt ~ also setting — the case of the gestalt of the 1 st 
operation ~ the same ~ each write-in lines 20 and 30 ~ nonmagnetic ~ conductors 21 and 3 1 and 
magnetism ~ it has the composite construction which consists of conductors 22 and 32. Moreover, 
as for each write-in lines 20 and 30, the cross section is formed for all in the shape of an abbreviation 
rectangle. 

[0041] however, the field which counters the field by the side of the storage element 10 of each 
write-in lines 20 and 30 in MRAM of this operation gestalt unlike the case of the gestalt of the 1 st 
operation as shown in drawing 8 — magnetism ~ it is covered by conductors 22 and 32. therefore, 
the both-sides side which stands in a row in the field by the side of a storage element 10, and this - 
each ~ nonmagnetic ~ conductors 21 and 31 are exposed. 

[0042] What is necessary is just to form them in it, as each above write-in lines 20 and 30 are 
described below, normiagnetic [ which consists of Cu, aluminum, or these alloys, for example about 
the bit write-in Hne 30 located above a storage element 10 ] ~ the magnetism which forms a 
conductor 31 with a sputtering system or CVD (Chemical Vapor Deposition) equipment, and 
subsequently consists of a permalloy with a sputtering system ~ a conductor 32 is formed and it is 
possible to form by considering as a desired pattern by ion milling or reactive ion etching after that, 
the WORD write-in line 20 located under the storage element 1 0 on the other hand ~ the bit write-in 
line 30 - reverse ~ magnetism ~ a conductor 22 and nonmagnetic ~ it is possible to form in order of 
a conductor 21. however, nonmagnetic ~ conductors 21 and 31 and magnetism ~ membrane 
formation of conductors 22 and 32 may apply approaches other than for example, plating. 
[0043] using the write-in lines 20 and 30 of such a configuration ~ MRAM of this operation gestalt - 
- also setting ~ the case of the gestalt of the 1 st operation ~ the same ~ the magnetism of the 
composite constructions, since magnetic flux penetrates in the part of conductors 22 and 32 the 
magnetism in which the line of magnetic force conventionally distributed over the perimeter of a 
write-in line has high permeability — it converges with conductors 22 and 32 — having — 
normiagnetic — it concentrates on the part which conductors 21 and 31 have exposed, and comes to 
generate. Therefore, if the write-in lines 20 and 30 of a composite construction explained with this 
operation gestalt are used, since a write-in field can be generated more efficiently (when line of 
magnetic force is distributed over homogeneity) than before, it may come to reverse the 
magnetization direction of a storage element 10 with the current smaller than before as a result. 
[0044] moreover, MRAM of this operation gestalt ~ setting ~ magnetism ~ since conductors 22 and 
32 have covered only the field which counters a storage element 10, i.e., the whole surface, the 
degree which line of magnetic force concentrates compared with the case of the gestalt of the 1 st 
operation is low, but since covering of the both-sides side of the write-in lines 20 and 30 is 
unnecessary, it excels in the ease on manufacture, that is, the production process of the conventional 
MRAM ~ magnetism ~ only by carrying out the two-times addition of the membrane formation step 
of conductors 22 and 32, it writes in conventionally, reduction of a current can be aimed at, and 
implementation will become easy very much. 

[0045] in addition - the gestalt of the 1st mentioned above and the 2nd operation ~ the both sides of 
the WORD write-in line 20 and the bit write-in line 30 ~ normiagnetic ~ conductors 21 and 3 1 and 
magnetism ~ although the case where it had the composite construction which consists of 
conductors 22 and 32 was mentioned as the example and explained, this invention is not limited to 
this. That is, it writes in, even if it is that case, and reduction of a current is [ that at least one side 
should just have the composite construction ] possible. 

[0046] moreover — the gestalt of the 1 st and the 2nd operation ~ perimeter Mikata of the write-in 
lines 20 and 30 - magnetism ~ an opposed face with the storage element 10 of the lines 20 and 30 
write-in when it covers with conductors 22 and 32 ~ magnetism ~ although the case where it 
covered with conductors 22 and 32 was mentioned as the example, respectively and was explained, 
this invention is not limited to this, for example, the both-sides side of a write-in abbreviation 
rectangle-like line ~ magnetism ~ even if it is the case where it covers with conductors 22 and 32 ~ 
the magnetism ~ conductors 22 and 32 - magnetic flux ~ penetrating ~ nonmagnetic ~ since it 
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concentrates on the part of conductors 21 and 3 1 and line of magnetic force is generated, reduction 
of a write-in current can be aimed at. 

[0047] Furthermore, although the gestalt of the 1st and the 2nd operation explained the case where a 
storage element 10 was a thing using a TMR ingredient, and the GMR ingredient was used, of 
course, it is applicable to a case completely similarly. 
[0048] 

[Effect of the Invention] it explained above -- as - the magnetic memory apparatus of this invention 
~ a write-in line ~ nonmagnetic ~ a conductor and magnetism ~ the case where a current is given to 
a write-in line by considering as the composite construction which consists of a conductor ~ 
nonmagnetic ~ since it concentrates on the part of a conductor and line of magnetic force comes to 
be generated, the information writing to a storage element is attained with a write-in current smaller 
than before. Therefore, since reduction of a write-in current can be aimed at without making 
coercive force of a storage element small, it writes in as a result and implementation of the 
improvement in dependability by low-power-izing of detailed-izing (densification) of the magnetic 
memory apparatus by contraction of a line drive circuit etc. and a magnetic memory apparatus and 
reduction of electron migration fracture of a write-in line etc. becomes easy. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web cgi ejje 



5/18/2006 



JE,2002-246566,A [TECHNICAL FIELD] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the magnetic memory apparatus used as a memory 
device for memorizing information. 



[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] In recent years, much more high performance-ization of high 
integration, improvement in the speed, low electrification, etc. is requested firom a device called the 
memory and logic which constitute this witii the fast spread of personal small devices, such as 
information communication equipment, especially personal digital assistant equipment. Especially 
the high density and large capacity-ization of nonvolatile memory are becoming still more important 
as a technique in which a miniaturization essentially replaces a difficult hard disk drive unit and a 
difficult optical disk unit by existence for moving part (for example, a head seeking device and a 
disk rolling mechanism). 

[0003] The flash memory using the semi-conductor as nonvolatile memory, FeRAM (Ferro electric 
Random Access Memory) using a ferroelectric, etc. are known widely. However, informational 
drawing speed is the order of mu second, and a flash memory has the fault that it is late compared 
with volatile memory, such as DRAM (Dynamic Random Access Memory) and SRAM (Static 
Random Access Memory). On the other hand, the problem that there are few rewritable counts is 
pointed out in FeRAM. 

[0004] The magnetic memory apparatus called MRAM (Magnetic Random Access Memory) is 
observed as nonvolatile memory which does not have these faults (for example, Wang et al., IEEE 
Trans.Magn.33 (1997), 4498 reference). MRAM performs information storage using the storage 
element of a giant magneto-resistance (Giant Magnetoresistive;GMR) mold or a tunnel magneto- 
resistive effect (Tunnel Magnetoresistive;TMR) mold, and attracts attention increasingly by 
improvement in a property of a TMR ingredient in recent years especially. 

[0005] In detail, in order to record information on the specific component of the elements, it has the 
WORD write-in line and the bit write-in line which cross the elements in all directions, and while 
have the storage element of the magneto-resistive effect mold arranged in the shape of a matrix, it 
consists of MRAM(s) so that information may be alternatively write only in the component locate in 
the crossover field using an asteroid property ( for example, refer to publication number 10 1 1 16490 
official report). Since MRAM of such a configuration has simple structure, high integration is easy, 
and a rewritable count is size in order for rotation of the magnetic moment in a magneto-resistive 
effect mold storage element to perform information storage. Furthermore, it is expected that it is 
very high-speed also about the access time, and it is checked that it can already operate on a 
nanosecond base. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] it explained above ~ as ~ the magnetic memory apparatus of this invention 
~ a write-in line ~ nonmagnetic ~ a conductor and magnetism ~ the case where a cvurent is given to 
a write-in line by considering as the composite construction which consists of a conductor ~ 
nonmagnetic ~ since it concentrates on the part of a conductor and line of magnetic force comes to 
be generated, the information writing to a storage element is attained with a write-in current smaller 
than before. Therefore, since reduction of a write-in current can be aimed at without making 
coercive force of a storage element small, it writes in as a result and implementation of the 
improvement in dependability by low-power-izing of detailed-izing (densification) of the magnetic 
memory apparatus by contraction of a line drive circuit etc. and a magnetic memory apparatus and 
reduction of electron migration fracture of a write-in line etc. becomes easy. 

[Translation done.] 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, in MRAM, the magnitude of the write-in 
current at the time of storing information in a storage element poses a problem. That is, although the 
magnetization direction of a storage element is reversed by the current field which a WORD write-in 
line and a bit write-in line generate in case information is stored in a storage element, a write-in big 
current may be then necessary with hindrance, such as detailed-izing (densification) and low-power- 
izing. 

[0007] nonmagnetic [ of the shape of a thin film specifically used usually with semi-conductors / 
MRAM / conventional / line / a WORD write-in line and / bit write-in /, such as Cu (copper) and 
alumimmi (aluminum), ] ~ although formed only from a conductor, if coercive force tends to write 
in the storage element of 20Oe(s) when those line breadth is 0.25 micrometers, for example, it is 
necessary to write in the big current of about 2mA, and to pass on a line fiirthermore, the case of for 
example, a write-in line where a cross-section configuration is an abbreviation rectangle ~ the 
thickness ~ line breadth and abbreviation ~ the current density in that case will become the same 
with 3.2x106 A/cm2, and it will become close to the open-circuit threshold value by electron 
migration. 

[0008] To such the present condition, decreasing a write-in current is also considered by making 
coercive force of a storage element small, for example. However, when coercive force of a storage 
element is made small, the magnetization direction in a storage element is reversed with the 
magnetic turbulence from the outside, and there is a possibility of causing the dependability fall as a 
memory device. 

[0009] Then, even if this invention does not make coercive force of a storage element small, it aims 
at offering the magnetic memory apparatus whose information storage in a write-in current smaller 
than before becomes possible. 
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MEANS 



[Means for Solving the Problem] the magnetic memory apparatus constituted so that the 
magnetization direction of said storage element may reverse by the current field which was allotted 
by this invention having been thought out in order to attain the above-mentioned purpose, and 
approaching the storage element of a magneto-resistive effect mold, and this storage element, and 
which writes in, and is equipped with a line and said write-in line generates ~ setting ~ said write-in 
line ~ nonmagnetic ~ magnetism with a conductor and high permeability ~ it is characterized by to 
have the composite construction which consists of a conductor. 

[001 1] according to the magnetic memory apparatus of the above-mentioned configuration - the 
magnetism of the composite constructions of a write-in line ~ the condition of having been 
distributed over the perimeter at homogeneity when the current was given to the write-in line, since 
magnetic flux penetrated in the part of a conductor ~ line of magnetic force ~ not generating ~ 
magnetism ~ nonmagnetic [ which is not a conductor ] ~ it concentrates on the part of a conductor 
and line of magnetic force is generated. Therefore, if it is made to reverse the magnetization 
direction of a storage element with the concentrated line of magnetic force, the magnetization 
direction can be reversed with a current smaller than the case where line of magnetic force is 
distributed over homogeneity. 
[0012] 

[Embodiment of the Invention] Hereafter, the magnetic memory apparatus which starts this 
invention based on a drawing is explained. 

[0013] [Outline of a magnetic memory apparatus] The outline configuration of the magnetic whole 
memory apparatus concerning this invention is explained first. Drawing 1 is the mimetic diagram 
showing the fundamental example of a configuration of the magnetic memory apparatus called 
MRAM. MRAM is equipped with the storage element 10 of two or more magneto-resistive effect 
molds arranged in the shape of a matrix. Furthermore, the WORD write-in line 20 and the bit write- 
in line 30 which cross mutually are formed so that each storage element 10 group may be crossed in 
all directions, so that it may correspond to each of the line on which these storage elements 10 were 
arranged, and a train. And each is arranged so that each storage element 1 0 may be in the condition 
inserted into the WORD write-in line 20 and the bit write-in line 30 ft'om the upper and lower sides 
and it may be located in these crossover fields. 

[0014] Drawing 2 is the mimetic diagram showing the outline configuration of MRAM in a detail 
further, although it is allotted in MRAM so that the WORD write-in line 20 and the bit write-in line 
30 (only henceforth [ these are named generically and ] "a write-in line") may cross storage element 
10 group in all directions - the crossover field of the lines 20 and 30 write-in [ these ] - a storage 
element 10 - in addition, the field-effect transistor 40 which connects with each storage element 10 
according to an individual is formed. And corresponding to the field-effect transistor 40 of each 
train, the sense amplifier 52 linked to a sense line 51 and this is formed, and the information 
memorized by these at the storage element 10 is detected. 

[0015] Then, the configuration of each storage element part in MRAM of such a configuration is 
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explained. Drawing 3 is the mimetic diagram showing an example of the cross-section configuration 
of a single storage element part. In each storage element part, the field-effect transistor 40 which 
consists of the gate field 42, a source field 43, and a drain field 44 is arranged on the semi-conductor 
substrate 41, and the WORD write-in line 20, the storage element 10, and the bit write-in line 30 are 
fiirther arranged in the upper part in order. The storage element 10 is arranged at the crossing of the 
WORD write-in line 20 and the bit write-in line 30 so that it may be inserted into these write-in lines 
20 and 30 from the upper and lower sides, so that clearly also fi-om this. 

[0016] Here, the configuration of storage element 10 the very thing is explained. Although there are 
a thing using a GMR ingredient and a thing using a TMR ingredient as a storage element 10 in 
MRAM, a TMR type thing is mentioned as an example and explained here. 
[0017] Drawing 4 is the mimetic diagram showing an example of the cross-section configuration of 
the magneto-resistive effect film used as a TMR type storage element. With the TMR type storage 
element 10, it consists of the magnetic substance, such as nickel (nickel), Fe (iron), Co(es) (cobalt), 
or these alloys, for example, and has the information storage layer 1 1 which the magnetization 
direction rotates comparatively easily, and information is written in by changing the magnetization 
direction of the information storage layer 1 1 by the current field which the write-in lines 20 and 30 
generate (record). 

[00 1 8] Under the information storage layer 11 , it has the tunnel barrier layer 1 2 by the insulator 
which consists of an oxidizing zone or nitrated cases, such as aluminum (aluminum), Mg 
(magnesium), and Si (silicon), etc., and while cutting magnetic association with the information 
storage layer 1 1 and the magnetization fixed bed 13 mentioned later, the role for passing tunnel 
current is borne. 

[0019] Under the tunnel barrier layer 12, it has the magnetization fixed bed 13. The magnetization 
fixed bed 13 consists of two magnetic layers of first magnetization fixed-bed 13a and second 
magnetization fixed-bed 13b. And between two magnetic layers 13a and 13b, the conductor layer 14 
which these magnetic layers 13a and 13b combine in antiferromagnetism is arranged. As an 
ingredient of this conductor layer 14, Ru (ruthenium), Cu (copper), Cr (chromium), Au(gold), Ag 
(silver), etc. can be used, for example. 

[0020] Moreover, second magnetization fixed-bed 13b is prepared so that the lower part side may 
touch the antiferromagnetic substance 15, and second magnetization fixed-bed 13b will have the 
magnetic anisoti-opy of a strong one direction by the exchange interaction conmiitted among these 
layers. As an ingredient of the antiferromagnetic substance 15, Mn (manganese) alloy, Co(es), nickel 
oxides, etc., such as Fe, nickel, Pt (platin\Mn), Ir (iridium), and Rh (rhodium), can be used, for 
example. 

[0021] Under the antiferromagnetic substance 15, it has the duplex substrate layer 16 which consists 
of Co and Si. 

[0022] Thus, in the storage element 10 of the constituted TMR type, the tunnel current change by the 
magneto-resistive effect will be detected, and information will be read. However, it will depend for 
the effectiveness in the relative magnetization direction of the information storage layer 1 1 and the 
magnetization fixed bed 13. 

[0023] In addition, each class (conductor a magnetic film and film) 11, 13-16 mentioned above is 
mainly formed by the well-known sputtering method, and should just form the tunnel barrier layer 
12 by oxidizing or nitriding the metal membrane formed by sputtering. 

[0024] In MRAM equipped with the storage element 10 above TMR type, since the storage element 
is arranged to the crossover field of the WORD write-in line 20 and the bit write-in line 30, 
information is alternatively written in each storage element 10 by using these two write-in lines 20 
and 30 using an asteroid flux reversal property. 

[0025] At this time, the synthetic magnetization in the single storage element 10 is decided by vector 
composition with the field HEA of easy shaft orientations and the field HHA of difficult shaft 
orientations which were impressed to it. The write-in cvirrent which flows the bit write-in line 30 
impresses the field HEA of easy shaft orientations to a storage element 10, and the current which 
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flows the WORD write-in line 20 impresses the field HHA of difficult shaft orientations to a storage 
element 10. 

[0026] Drawing 5 is the asteroid Fig. showing an example of a field response of the storage element 
in MRAM. The asteroid curve in drawing shows the reversal threshold of the magnetization 
direction of the information storage layer 1 1 by Field HEA and Field HHA which were impressed. 
That is, generating of the synthetic magnetic field vector equivalent to the exterior of an asteroid 
curve produces field reversal in a storage element 10. However, the synthetic magnetic field vector 
inside an asteroid does not reverse the field of a storage element 10 from one side of the current 
bistability condition. Moreover, the storage element 10 located in addition to the crossing of the 
WORD write-in line 20 which is passing the current, and the bit write-in line 30 is also received. 
When the magnitude of the field is beyond the one direction reversal field HK, in order to impress 
the field which each write-in line 20 and 30 generates independently, and to also reverse the 
magnetization direction of storage elements 10 other than a crossover field, Only when a synthetic 
field is equivalent to the exterior (shadow part in drawing) of an asteroid curve also from this, the 
information writing to the selected storage element 10 is attained. 

[0027] [Gestalt of the 1st operation] Next, the focus of MRAM (magnetic memory apparatus) in the 
gestalt of operation of the 1st of this invention is explained. Drawing 6 is the mimetic diagram 
showing the configuration of the characteristic important section of an example of the magnetic 
memory apparatus concerning this invention. 

[0028] nonmagnetic [ MRAM / conventional / in a WORD write-in line and a bit write-in line /, such 
as Cu and aluminum, ] generally ~ it is formed only from the conductor. 

[0029] on the other hand, nonmagnetic [ which each write-in lines 20 and 30 which, as for MRAM 
explained with this operation gestalt, sandwich a storage element 10 from the upper and lower sides 
as shown in drawing 6 all become from conductive matter, such as Cu, alviminum, or these alloys, ] - 
- conductors 21 and 3 1 and magnetism with high permeability ~ conductors 22 and 32 ~ since ~ it 
has the becoming composite construction. 

[0030] magnetism ~ what is necessary is just to use the alloy which makes nickel, Fe, Co, or these a 
principal component, for example as an ingredient of conductors 22 and 32 It is possible to 
specifically use the nickel-Fe alloy (iron nickel alloy) called a permalloy. 

[003 1] Moreover, as for each write-in lines 20 and 30, the cross section is formed for all in the shape 
of an abbreviation rectangle, and the magnetism of an abbreviation U shape the third page except the 
field by the side of a storage element 10 ~ it covers to conductors 22 and 32 ~ having --**** - the 
field by the side of a storage element 10 - nonmagnetic ~ conductors 21 and 31 are exposed, 
therefore ~ each write-in line 20 and 30 comrades ~ nonmagnetic ~ the exposure of conductors 21 
and 31 — facing each other --**** — moreover, magnetism — it is allotted so that the part of 
conductors 22 and 32 may become symmetrical mutually, furthermore, each write-in lines 20 and 30 
~ setting - nonmagnetic - the cross-section width of face (refer to the inside A of drawing and B) 
of the part exposed to the storage element 10 side of conductors 21 and 31 is formed in the 
magnitude more than the component width of face (refer to the inside a of drawing, and b) of a 
storage element 1 0. 

[0032] What is necessary is just to form them in it, as each above write-in lines 20 and 30 are 
described below, the bit write-in line 30 located above a storage element 10 ~ the former ~ the same 
~ nonmagnetic ~ plating after forming the part of a conductor 31 etc. ~ magnetism ~ it is possible 
to form by forming the part of a conductor 32. plating after forming a trench (grooving) into a 
membrane formation process on the other hand, for example about the WORD write-in line 20 
located under the storage element 10 etc. ~ the pars basilaris ossis occipitalis and lateral portion of 
the trench ~ magnetism ~ a conductor 22 ~ forming membranes ~ ftirther ~ the french ~ 
nonmagnetic ~ it is possible to form by burying with a conductor 21 . 

[0033] MRAM [ in / by using the write-in lines 20 and 30 of such a configuration / this operation 
gestalt ] - the magnetism of the composite constructions ~ the magnetism in which the line of 
magnetic force conventionally distributed over the perimeter of a write-in line has high permeability 
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since magnetic flux penetrates in the part of conductors 22 and 32 ~ it converges with conductors 22 
and 32 ~ having ~ nonmagnetic ~ it concentrates on the part which conductors 21 and 3 1 have 
exposed, i.e., the part of a storage element 10, and comes to generate. 

[0034] Drawing 7 is the explanatory view showing the example of the simulation result of the 
generating line of magnetic force in write-in line 1 duty, it is shown in drawing 7 (a) -- as ~ 
abbreviation rectangle-like perimeter Mikata - magnetism ~ the condition of having been 
distributed over the perimeter at homogeneity even if it gave the write-in current when it covered 
with conductors 22 and 32 ~ line of magnetic force ~ not generating ~ the magnetism - magnetic- 
flux transparency with conductors 22 and 32 ~ nonmagnetic - it turns out that it concentrates on the 
part of conductors 21 and 3 1 , and line of magnetic force is generated, if the current which is 1mA is 
specifically passed when the width of face and thickness of the write-in lines 20 and 30 are 0.25 
micrometers, respectively according to numerical simulation ~ nonmagnetic ~ the magnitude of the 
field generated into the central part of the storage element 10 facing conductors 21 and 31 serves as 
about 15 Oe(s). 

[0035] on the other hand, it is shown in drawing 7 (b) ~ as - nonmagnetic ~ since line of magnetic 
force is distributed over the perimeter at homogeneity when it writes in only with a conductor and a 
Hne is constituted, even if it passes a 1mA current on the write-in line of width of face of 0.25 
micrometers, and thickness, in the central part of a storage element 10, only the field of the 
magnitude of about 5 Oe extent is acquired. 

[0036] Therefore, if the write-in lines 20 and 30 of a composite construction explained with this 
operation gestalt are used, since a write-in field can be generated more efficiently (when line of 
magnetic force is distributed over homogeneity) than before, it may come to reverse the 
magnetization direction of a storage element 10 with the current smaller than before as a result. 
[0037] the magnetism covered on the write-in lines 20 and 30 in order to acquire such effectiveness 
efficiently ~ it is desirable to make the permeability of conductors 22 and 32 or more into ten in 
general, moreover, magnetism ~ as for the covering thickness of conductors 22 and 32, it is checked 
that the effectiveness of 0.01 micrometers or more, then the increment in a generating field is 
acquired. 

[0038] moreover, abbreviation rectangle-like perimeter Mikata - magnetism -- the magnetism of an 
abbreviation U shape when it covers with conductors 22 and 32 ~ much line of magnetic force 
focuses on an inside [ points / of conductors 22 and 32 / both ] part (nonmagnetic part of conductors 
21 and 31). therefore, nonmagnetic - if the cross-section width of face A and B of conductors 21 
and 31 is formed in the magnitude more than the component width of face a and b of a storage 
element 10 ~ magnetism - since the information storage layer 1 1 will be arranged in the form 
inserted into both the point rather than spacing of both the points of conductors 22 and 32 by the 
width of face of the information storage layer 1 1 of a storage element 10 becoming short, the line of 
magnetic force generated intensively can be efficiently impressed to the information storage layer 
11. 

[0039] [Gestalt of the 2nd operation] Next, the focus of MRAM (magnetic memory apparatus) in the 
gestalt of operation of the 2nd of this invention is explained. Drawing 8 is the mimetic diagram 
showing the configuration of the characteristic important section of other examples of the magnetic 
memory apparatus concerning this invention. 

[0040] MRAM explained with this operation gestalt - also setting ~ the case of the gestalt of the 1st 
operation ~ the same - each write-in lines 20 and 30 - nonmagnetic ~ conductors 21 and 31 and 
magnetism ~ it has the composite construction which consists of conductors 22 and 32. Moreover, 
as for each write-in lines 20 and 30, the cross section is formed for all in the shape of an abbreviation 
rectangle. 

[0041] however, the field which counters the field by the side of the storage element 10 of each 
write-in lines 20 and 30 in MRAM of this operation gestah unlike the case of the gestalt of the 1st 
operation as shown in drawing 8 - magnetism ~ it is covered by conductors 22 and 32. therefore, 
the both-sides side which stands in a row in the field by the side of a storage element 1 0, and this - 
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each ~ nonmagnetic ~ conductors 21 and 31 are exposed. 

[0042] What is necessary is just to form them in it, as each above write-in lines 20 and 30 are 
described below, nonmagnetic [ which consists of Cu, aluminum, or these alloys, for example about 
the bit write-in line 30 located above a storage element 10 ] ~ the magnetism which forms a 
conductor 3 1 with a sputtering system or CVD (Chemical Vapor Deposition) equipment, and 
subsequently consists of a permalloy with a sputtering system ~ a conductor 32 is formed and it is 
possible to form by considering as a desired pattern by ion milling or reactive ion etching after that, 
the WORD write-in line 20 located under the storage element 1 0 on the other hand ~ the bit write-in 
line 30 ~ reverse ~ magnetism ~ a conductor 22 and nonmagnetic - it is possible to form in order of 
a conductor 21 . however, nonmagnetic ~ conductors 21 and 31 and magnetism ~ membrane 
formation of conductors 22 and 32 may apply approaches other than ****, for example, plating. 
[0043] using the write-in lines 20 and 30 of such a configuration ~ MRAM of this operation gestalt - 
- also setting ~ the case of the gestalt of the 1st operation ~ the same - the magnetism of the 
composite constructions, since magnetic flux penetrates in the part of conductors 22 and 32 the 
magnetism in which the line of magnetic force conventionally distributed over the perimeter of a 
write-in line has high permeability - it converges with conductors 22 and 32 ~ having ~ 
nonmagnetic ~ it concentrates on the part which conductors 21 and 31 have exposed, and comes to 
generate. Therefore, if the write-in lines 20 and 30 of a composite construction explained with this 
operation gestalt are used, since a write-in field can be generated more efficiently (when line of 
magnetic force is distributed over homogeneity) than before, it may come to reverse the 
magnetization direction of a storage element 10 with the current smaller than before as a result. 
[0044] moreover, MRAM of this operation gestalt - setting ~ magnetism ~ since conductors 22 and 
32 have covered only the field which counters a storage element 10, i.e., the whole surface, the 
degree which line of magnetic force concentrates compared with the case of the gestalt of the 1st 
operation is low, but since covering of the both-sides side of the write-in lines 20 and 30 is 
unnecessary, it excels in the ease on manufacture, that is, the production process of the conventional 
MRAM ~ magnetism ~ only by carrying out the two-times addition of the membrane formation step 
of conductors 22 and 32, it writes in conventionally, reduction of a current can be aimed at, and 
implementation will become easy very much. 

[0045] in addition ~ the gestalt of the 1st mentioned above and the 2nd operation ~ the both sides of 
the WORD write-in line 20 and the bit write-in line 30 - nonmagnetic ~ conductors 21 and 31 and 
magnetism - although the case where it had the composite construction which consists of 
conductors 22 and 32 was mentioned as the example and explained, this invention is not limited to 
this. That is, it writes in, even if it is that case, and reduction of a current is [ that at least one side 
should just have the composite construction ] possible. 

[0046] moreover - the gestalt of the 1st and the 2nd operation - perimeter Mikata of the write-in 
lines 20 and 30 ~ magnetism ~ an opposed face with the storage element 10 of the lines 20 and 30 
write-in when it covers with conductors 22 and 32 ~ magnetism ~ although the case where it 
covered with conductors 22 and 32 was mentioned as the example, respectively and was explained, 
this invention is not limited to this, for example, the both-sides side of a write-in abbreviation 
rectangle- like line ~ magnetism ~ even if it is the case where it covers with conductors 22 and 32 - 
the magnetism - conductors 22 and 32 ~ magnetic flux - penetrating ~ nonmagnetic ~ since it 
concentrates on the part of conductors 21 and 31 and line of magnetic force is generated, reduction 
of a write-in current can be aimed at. 

[0047] Furthermore, although the gestalt of the 1st and the 2nd operation explained the case where a 
storage element 10 was a thing using a TMR ingredient, and the GMR ingredient was used, of 
course, it is applicable to a case completely similarly. 
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* NOTICES * 

JPO and NCIFX are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram showing the fundamental example of a configuration of a 
magnetic memory apparatus. 

[Drawing 2] It is the mimetic diagram showing an example of the outline configuration of a 
magnetic memory apparatus in a detail. 

[Drawing 3] It is the mimetic diagram showing an example of the cross-section configuration of the 
single storage element part which constitutes a magnetic memory apparatus. 
[Drawing 4] It is the mimetic diagram showing an example of the cross-section configuration of the 
magneto-resistive effect film used as a storage element of a tunnel magneto-resistive effect mold. 
[Drawing 5] It is the asteroid Fig. showing an example of a field response of the storage element in a 
magnetic memory apparatus. 

[Dr awing 6] It is the mimetic diagram showing the configuration of the characteristic important 
section of an example of the magnetic memory apparatus concerning this invention. 
[Drawing 7] It is the explanatory view showing the example of the simulation result of the 
generating line of magnetic force in write-in line 1 duty, and drawing showing the simulation result 
which (a) requires for this invention, and (b) are drawings showing the conventional simulation 
result. 

[Drawing 8] It is the mimetic diagram showing the configuration of the characteristic important 
section of other examples of the magnetic memory apparatus concerning this invention. 
[Description of Notations] 

10 ~ a storage element, a 20 ~ WORD write-in line, and 21 ~ nonmagnetic ~ a conductor and 22 ~ 
magnetism ~ a conductor, a 30 ~ bit write-in line, and 31 ~ nonmagnetic ~ a conductor and 32 - 
magnetism ~ a conductor 
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[Drawing: 5] 




[Drawing 6] 
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[Drawing 8 
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